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ABSTRACT
There is a connection between preterm labor and intrauterine infections which is wellestablished in up to 
40% of cases. Success of the interaction between the invading trophoblast at the maternal-fetal interface and 
the maternal immune system is an immunologically unique fact. In this process the trophoblast participates 
in both the immune suppression, which is necessary for tolerance to the semialogenic fetus, and the immune 
activation against damaging factors such as infections. Alterations in this type of cross-talk, as in the cases 
of infection-triggered inflammation by Chlamydia species, could result in pregnancy complications such as 
prematurity or spontaneous abortion.
Related articles and clinical cases have been gathered and reviewed to establish the main mechanisms and to 
confirm the relationship between preterm labor and Chlamydia trachomatis infection.
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INTRODUCTION
There are many debates about the role of the 
immune system in realizing or obstructing a normal 
pregnancy and how the human endometrium be-
comes an immunologically unique place - on the one 
hand it simultaneously tolerates the semiallogenic fe-
tus and placenta, but, on the other hand, it maintains 
the protection against foreign antigens. It is thought 
that the trophoblast at the maternal-fetal interface is 
the structure that actively participates in preventing 
allorecognition and in the response to pathogens that 
may compromise the fetal well-being. The relation 
between preterm labor and intrauterine infections is 
well established up to 40% of cases. (12) 
THE TROPHOBLAST
The trophoblast, just like any innate immune 
cell, expresses pattern receptors that function as ‘sen-
sors’ of the surrounding environment (1,2). They act 
in recognition of bacterial and viral antigenes and 
damaged tissues. If the receptors are activated, the 
trophoblast will secrete a specific set of cytokines 
that, in turn, will act based upon the immune cells 
within the decidua (i.e. macrophages, T regulato-
ry cells, NK cells), teaching them to work together 
in aid of the growing fetus. The major group is the 
toll-like receptor family (TLR). These are transmem-
brane proteins which individually respond to limit-
ed ligands but collectively act with  different kinds of 
proteins. Studies in term placenta have demonstrated 
the exact functions of TLR-2 and TLR-4 (3,7). TLR-
2 recognizes bacterial lipoproteins, peptidoglycan 
(PDG) and lipoteichoic acid (LTA) (16), while TLR-4 
recognizes Gram-negative bacterial LPS (14). It is es-
tablished that TLR-4 ligation promotes cytokine pro-
duction, while TLR-2 directly activates apoptosis in 
first trimester trophoblast cells. These findings sug-
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gest that activation of TLR-4 by microbal LPS leads 
to an increased production of both pro- and anti-in-
flammatory cytokines, especially IL-6 and IL-8, and, 
while this process does not directly induce tropho-
blast cell death, it provides an alternative mechanism 
for trophoblast cell damaging by inducing TNFα and 
IFNα expressions. 
CHLAMYDIA TRACHOMATIS INFECTION
The most common reason for tubal infertility 
is the Chlamydia trachomatis  (Ct) infection. In ad-
dition, there is growing evidence to suggest that a 
Ct infection may also be associated with pregnancy 
complications, such as stillbirth, spontaneous abor-
tion and prematurity (4,15). C. trachomatis  can in-
fect a wide range of cell types, including the epithelial 
cells of the eye and the genital tract, the monocytes, 
and the fibroblasts. Furthermore, clinical studies 
have demonstrated that Ct can infect the placenta 
and decidua (5,10).
C. trachomatis is an obligate, gram-negative 
intracellular bacteria which develops in eukaryotic 
cells. Altough it has its own metabolic system, Chla-
mydia is unable to produce adenosine-triphosphate 
(ATP), so it uses the amount present in the host cell. 
It has a unique biphasic life cycle, which is comprised 
of two types of reproduction - the extracellular phase 
of infectious elementary bodies (EB) during which it 
binds to and invades the epithelial cells through a re-
ceptor - mediated endocytosis, and the intracellular 
phase of metabolically active non-infectious replica-
tion competent reticular bodies (RB). Once inside the 
cytoplasm of the target cell, the EB converts into a re-
ticular body. RB replication occurs within a special-
ized vacuole, known as an inclusion form (6). Follow-
ing replication, the RBs convert into EBs, at which 
time the infected cell already contains up to 1000 in-
fectious cells (30-40 hours) which then get released 
from the host cell, either by cell lysis or by extrusion 
of the inclusion, to infect neighboring cells (14). Dur-
ing an infection, Chlamydia modifies the host cell by 
secreting virulence factors into the cell›s cytoplasm 
using a type III secretion system. Some of these fac-
tors prevent fusion of the inclusion with the cell‘s ly-
sosomes and block apoptosis, while other factors act 
as proteases - such as CPAF which degrades tran-
scription factors important for the upregulation of 
MHC class I and class II and keratin. 
Clinical studies have strongly suggested a link 
between bacterial infections with preterm labor (11). 
Inflammatory - induced excessive cytokine secre-
tion at the maternal-fetal interface is thought to be 
a main contributor to a compromised pregnancy. 
One  hypothesis as to how this reaction arises, is that 
through the expression of the toll-like receptors, the 
trophoblast cells have the ability to recognize and re-
spond to microorganisms that may pose a threat to 
the embryo and pregnancy outcome. Since the inter-
action between the maternal immune system and the 
invading trophoblast at the fetal-maternal interface 
may be crucial for a successful pregnancy, alterations 
in this type of cross-talk, as in the case of infection-
triggered inflammation by Chlamydia species, could 
result in a complicated pregnancy (19).
Chlamydiae express a variety of ligands that 
could serve as potential TLR activators. LPS appears 
to utilize TLR4 for signaling, although it may be more 
dependent on the CD14 membrane than it has been 
reported for other species of LPS. Another important 
chlamydial antigen is the heat shock protein. When 
Kol and colleagues examined the proinflammatory 
activity of purified chlamydia HSP60 (cHSP60) prep-
arations, they found that it resembled that of LPS, in-
cluding the activation of the transcription factor NF-
κB, activation of the p38 mitogen-activated protein 
kinase, and the induction of proinflammatory cyto-
kines (20). Several groups subsequently reported that 
cHSP60 could activate TLR2 and/or TLR4. 
Normally, during the pre-and peri-implantato-
ry phase of pregnancy, the embryo and decidua se-
crete proinflammatory and anti-inflammatory cy-
tokines like TNFx, IL, growth factors, heat shock 
proteins, mainly Hsp60 and 70 and other products 
which proves that the success of implantation is sec-
ondary to the development of an injury-induced in-
flammatory reaction between the invading blastocyst 
and the endometrium (Fig. 1). 
The implantation is an injury-induced inflam-
matory reaction by the natural killer cells, macro-
phages and T cells. Fetally derived trophoblast cells 
are in contact with maternal immune cells at two 
sites: villous trophoblasts are surrounded by mater-
nal immune cells in the intervillous space and invad-
ing extravillous trophoblasts interact with decidual 
leukocytes. 
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A latent infection in the endometrium, as 
chronic chlamydiosis can totally deregulate and 
damage the process, by inducing hypersecretion of 
other cytokines such as ILl, IL8, IL6 and CSF strong-
ly induce pathological T-cell and macrophage activa-
tion and cytokine production. Therefore, cytokines 
secreted by infection-activated immune cells send a 
wrong message to the developing embryo and de-
stroy the balance between the pro and the  anti-in-
flammatory activity, resulting in disrupting the em-
bryo growth and suppressing its rejection by the ma-
ternal tissue. 
Studies have consistently shown that there is 
a correlation between the production of chlamydi-
al 60-kDa heat shock protein (Hsp60) antibodies in 
Fig. 1. The fetal - maternal interface.
The implantation is an injury-induced inflammatory reaction by the natural killer cells, macrophages and T cells. Fetally derived 
trophoblast cells are in contact with maternal immune cells at two sites: villous trophoblasts are surrounded by maternal immune 
cells in the intervillous space and invading extravillous trophoblasts interact with decidual leukocytes. (Source: Svensson – Arvelund 
et al. - Toxicologic Pathology, 42: 327-338, 2014).
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chlamydia-infected patients and adverse disease con-
sequences. Hsp60 interacts with toll-like receptor 4, 
which stimulates the proliferation of human vascu-
lar smooth muscle cells and activates macrophages 
and endothelial cells (17). In both caspase-depen-
dent and caspase-independent pathways, this inter-
action also leads to apoptosis of placental fibroblasts 
and trophobalst cells. Bacterial invasion of the cho-
riodecidual space, acting in part through release of 
endotoxins and exotoxins, activates the decidua and 
the fetal membranes to produce a number of cyto-
kines, including tumor necrosis factor α, interleukin-
1α, interleukin-1β, interleukin-6, interleukin-8, and 
the granulocyte colony-stimulating factor (8,9,13,18). 
Furthermore, these cytokines stimulate prostaglan-
din synthesis and also initiate neutrophil chemo-
taxis, infiltration, and activation, culminating in the 
synthesis and release of metalloproteases and oth-
er bioactive substances. The prostaglandins stimu-
late uterine contractions while the metalloproteas-
es attack the chorioamniotic membranes, leading to 
rupture. The metalloproteases also remodel the col-
lagen in the cervix and soften it. As a result, these in-
teractions lead to premature rupture of the amniotic 
membrane and preterm labor.
CONCLUSION
Chlamydia trachomatis is the most common 
bacterial sexually transmitted disease. As the major-
ity of women are asymptomatic they are often un-
aware that they are infected. Therefore, Chlamydia 
can have a serious impact on a women‘s reproductive 
potential, with 40% of the cases leading to a pelvic 
inflammatory disease. About 5-8% of them become 
infertile or may have an ectopic pregnancy. Even if a 
woman gets pregnant, a latent Ct infection is a poten-
tial risk for pregnancy complications.
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